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M231: "Analysis"

Introduction

This study strictly lies somevhat outside the main evaluation project, in
that in the 17 evzluation studies "proper" the Research Group was responsible
for the formulation of gensral evaluation criteria against which the individual
programmes were examined in detail. With M231, however, it waw the Course Team
which approached the Research Group for assistance in evaluating aspects of the
course for two specific purposes:

(a) in order to make adjustments to the content of the M231 course in 1975

(the second year of its life)

(b) in order to take informed decisions on the presentution of material for

M332 "Complex Analysis' (which was being prepared by the same course team

for presentation in 1975).

The two major areas of preoccupation for the M231 course team were:

(1) the amount of work included in the course as a whole, and its organisation

(2) the techniques used in some of the television programmes.

Since the plnnned third-level course was intended to be presented in roughly the

same way, with a liM11nr organisation of work materials and possibly some of the
programme techniques, our brief was to discover what problems students were

having in using the M231 materials.

The M231 evaluation, then, was very different in orientation from that of
the other studies carried out in 1974. Firstly, it was aimed at finding answers
to specific questions raised by the course team. Secondly, it attempted a more
global examination of the course as a whole - including the written units - than
would have been appropriate to the other more detailed evaluation studies.
However, many of the findings from the M231 study contain implications for course
design in general, and indeed provided a number of insights for the Research Group
as to potentially fruitful areas for investigation in the later, more detailed

studies. For these reasons, it is presented as the first broadcast evaluation

report of the 1974 series.

The Problems

An original intention of the M231 course team was that certain sections of
the units could be made optional. In fact students had been warned that changes
would be made to the status of some sections and that these would be identified
in the "Stop Press!. Consequently, it would be possible to increase or decrease
the amount of content in the course to some extent. Accordingly we set out to

(i) determine a 'mormal' time for the period of study for a

particular unit,
(ii) identify sections in the unit which were abnormally difficult,
(iii) find the 'normal! time of study for those sections of the unit

wh{ch could be made optional.

1. See the General Introduction to any of these reports for a description of the
aims, criteria and methods used.




2.

tcam to adjust the content so that the average time of study per unit complied
with the University guide-lines, and to allow removal of or amendment to

particularly difficult sections.

The course team had expreszsed some anxiety about the early television
programmes, so it was suggested that particular emphasis be put on the evaluation
of the first five tclevision programmes, in order to

(iv) determine what proportion of students claim that a particular

television programme was totally unhelpful (or worse).

Resources allowed for the remake of the equivalent of one television programme, so
that if the evaluation data so indicated, changes could be made to a programme
causing particular problems. In addition, broadcast notes could be rewritten,
if necessary, both to help iron out any difficulties in the associated programmes

and to decal with problems caused by the notes themselves.

Since each television programme had associated self-asscssment questions in
the broadcast notes, time spent on this work might have added noticeably to the
overall study time for any particular unit. It was therefore decided to

(v) obtain a 'normal' time for study associated with a particular

television programme.

Information gained here could be used to make adjustments to the contents of the

broadcast notes.

In the case of the eight radio programmes in the course, the same sorts of
question were raised. Additional evaluation aims were therefore
(vi) to determine what proportion of students claim that a particular
radio programme was totally unhelpful (or worse)
(vii) to obtain a 'normal' time for study associated with a particular radio

programme.

Broadcast notes could be altered and several radio programmes remade if this proved

necessary.

Turning now from the specific problem of making possible adjustments to an
already made course, to the more general issue of the presentation of future courses,
the course team was anxious to know how students had reacted to particular pro-
duction, organisation and presentation modes used in M231. Five specific areas for

investigation werc identified:

(1) Pacing mechanisms used by students.

Information on these aspects was intended to make it possible for the course
The television programmes for M231 had been scheduled for transmission

on the assumption that students do not study the correspondence units

in the weeks officially suggested in the course calendar (Appendix A),

but that they lag behind and pace themselves against the submission

dates for tutor-marked assignments. Was this a valid assumption?

ERIC N :
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(2) Use of self-assessment questions.

The printed unitl'telovilion and radio programmes all had associated
self-assessment questions (SAQs) in the broadcast notes (an example
of broadcast notes is in Appendix B): those in the unit texts were
described by the course team as "absolutely trivial'., Did students
actually use all or any of these SAQs, and how helpful did they find
them?

(3) The television programmes.

The eleven televiwion programmes were planned to concentrate on some
of the more difficult items in the course. In general they discussed
and illustrated the solution of particular mathematical problems and/
or dealt with the proof of theorems. Two quite different production
technigues were used to cover these separate programme functions. The
problem-solution' was dealt with in a conventional '"pen and paper!
manner by showing a course team member actually working through pro-
blems step by step and giving some verbal explanation of what was
happening at each stage of the solution. The "proofs'', on the other
hand, were demonstrated by a novel and rather complex technique, which
we can call "silent animation!. This involved presentation of the proof
by means of the animated manipulation of the variou- component signs
and symbols, so that particular parts of the theorem relevant to any
specific stage of its proof were highlighted sequentially. Very little
academic commentary - indeed in some cases none at all - accompanied
the visual presentation, the intention being that its absence would
provoke students into thinking more carefully than they might otherwise
do about the general strategy of the proofs. How did students react to

these two very different television techniques?

(4) The radio programmes. .

. These eight programmes were intended to be problem-oriented rather than
discursive; that is, they were planned to help students over difficulties
with tho mathematical problems in the units. The associated broadcast
notes contained material which students were expected to follow while
actually listening to the programme. Did students, in the first place,
listen ¢o the radio programmes? If they did, how helpful did they find
the programmes? Did they have any difficulty in following the material

in the broadcast notes during the programmes?

(5) The tutor-marked assignments.

Each assignment (TMA) contained one non-assessed problem which students
were told could well be an examination question (only longer). Did
students in fact attempt these non-assessed questions or did they find

them frighteningly difficult?

Information on thege five particular areas would assist in decision-making
on the organisation and presentation of future courses, notably M332, in the
Mathematics Faculty, and should also provide insights into some of the problems

faced by Open University course designers in general.
Q
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Method

1t will be clear from the preceding outline that this particular study
presented a number of problems in terms of selection of appropriate data collection
instrumonts and methods. Firstly, while much of the requested information in-
dicated the need for a year-long study (for example, to establish study times or
difficulties of particular units of work), the course team needed some of the
otherdata (for instance, for the remake of programmes and for decision-taking on
the third-level course planned for 1975) as ecarly as May or June of 1974. Secondly,
although to answer some of the questions (the issue of the television techniques,
for example) a fairly detailed approach seemed appropriate, many other aspects
(usage of various components, study pattern) could be adequately covered by a
gories of pre-coded options to questions. Thirdly, the number of students re-
gistered for M231 - 769 at the beginning of the academic year - did not allow much

lecway in the selection of the necessary student samples.

After discussion among the evaluators and the course team, it was decided that
use of several different data collection techniques was indicated and that the
ovaluation should be carried out in stages to coincide with the course team's
deadlines for receipt of the various pieces of information. The methods used

were as follows:

(a) A random sample of 490 students registered for the course in February,
1974, were each sent a pad of Course Unit Report Forms (CURF) at the
beginning of the year. The form, althéugh for data processing purposes
necessarily designed nlong the standard lines used for all CURFs, covered
the specific M231 problem areas which could be tackled by closed-option
questions. (Appondix C). Students were asked, in a letter - signed by
the Course Team Chairman - accompanying the pad of forms to complete a
form for each unit of work from Unit 3 onwards. (Spare CMA c>lls had
been used to ask questions on Units 1 and 2: this data is included in
Appendix H). Those report forms gave information on difficulties with
the written material, dates of study and hours spent on various course
components, use of SAQs and reactions to television and radio programmes.
While most of the answers were pre-coded, there was space for a small
amount of open-ended comment. This has been typed up and is provided

in Appendices J, K and M.

At thu beginning of the year, 16 students wroie letters of refusal to
take part in the survey. Letters were sent to students who had agreed
to participate, at the beyinning of May and in mid-June, reminding them
to return their completed report forms. Even at the beginning of the
year, the response rate was a disappointing 48%, with 235 students
returning usable forms for Unit 3, TV2 and Radio 2. Throughout the yecar,
the rate of return deteriorated (Table i) so that only 21 persistent

students returned the final report form, covering Unit 16 and TV11.

9
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Table 1: Students Returning Course Unit Report Forms

e ———————————————

Form Components | Responding | Original Response | Registered AdeIt.d.
mumber covered students sample rate students response

rate

1 U3, V2, R2 2r5 . 490 4,8% 769 L8%

2 Uk, TV3 219 490 45% 767 45%

3 Us,TV4,R3 210 490 L3% 763 43%

L U7,TVS5, Rk 179 490 36% 763 ks ]

5 us 148 490 30% 746 30%

6 U9,TV6,R5 144 490 29% 746 30%

7 U10,TV7 109 k9o 22% 740 23%

8 U11,7V8,R6 97 490 20% 740 21%
9 | u13,1v9,R? 7 490 14% 740 15%
10 Uik 63 490 13% 723 14%
11 U15,TV10,R8 33 490 7% 723 7%
12 U16,TV11 21 koo % 661 5%

* The adjusted response rate assumes that students in the sample withdrew in a
similar proportion to the total course population.

Even with an adjustment to allow for withdrawal from the course
throughout the year, the response rate is poor. Of course, the number
of students actually rggistered'tor a course is not always an accurate
reflection.of the number of students seriously following that course:
for instance, &lthough 661 students were officially registeired for M231
at the end of October, only 546 actually sat the end of course exam-
ination at the beginning of November, i.e. 17% of registered students
were not examined. However, further adjustment to allow for this makes
very little difference - e.g. the finally adjusted response rate for
Unit 16 is pushed up to 6% - because of the very small numbers returning
forms at the end of the year. However we look at the data then, we are
forced to conclude that it must be treated with great caution for the
second part of the year in pA:ticuhr: while a caloulation of two
standard errors on a range of data from the first report form indicates
sampling errors of between ¥ 9K to ¥ 5% at the 95% level of confidence,
the same calculation for the final CURF indicates an error range of

¥ 13% to ¥ 21% (i.e. if SO% of those returning the last report form said
that they saw TV11, we can be 95% certain that bétween 29% and 71% of
the total student population saw the programme). Clearly, this is such
an « enormous margin of error that the data is virtually worthless.
However, up to and including CURF number 8 (that covering Unit 11, TV8
and Radio 6) maximum sampling errors are below > 10% ,
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‘Five separate random samples of just under 60 students registered for
the course in February, 1974 were each sent a more detailed questionnaire
covering onc of the first five television programmes and, in the case of
four of the samples, one of the firl!: four radio programmes in the course.
No individual student, then, was asked to fill in more than one of these
more detailed questionnaires, nor were any of the students in these five
samples included in the larger sample to whom CURFs had been sent. These
questionnaires (referred to subsequently as "broadcast questionnaires" or
"BQs" - Appendix D) asked for students' detailed and specific roactions
to the television and radio programmes and also enquired about dates of
study of the various units. As a cross-check some of the questions
asked were identical to those asked on the CURFs, but there was mich more
space for opcn-ended comment, and these arc provided for reference in

Appendices L and N.

Students who had not returned their questiohnaires at intervals of ten
days and twenty days after the last transmission of the relevant programme
were sent letters reminding them to do so. The response rate here was
good, ranging from 91% to 79% (Table 2) when adjusted for students who had
withdrawn ‘from the course by the time of the relevant broadcast.

Table 2: Students Returning Broadcast Questionnaires

Students with- | Adjusted

Questionnaire Programmes Respoqding Total Response | drawn at response

number covered students [sample rate broadcast time rate

1

(&)

h

\1

Tv1 L9 58 84% 2 87%
R1

Tve 50 85% 86%
51 86% 88%

Tv3
13

Tvh 47 59 80% 2 B2%

ko 59 83% 5 91%

1Vvs5 45 76% 79%
59 3
Rh 46 78% 81%

Becaus. of the small numbers in each of these five samples (each sample
representing about 8X of the total student population) the sample errors
are rather large (within the rnnge\l: 8% to ¥ 4% at the 95% confidence
level). However, other s%udies in this series 1 pave found that high
response rates are necessary to ensure accurate measurement of viewing

and listening figures: for example, there is a tendency for non-respondents

to withdraw or to Jdo less well iri the final course assessment than

J

4

1. See for example, Bates, A.W. 1975, Broadcast Evaluation Report No. 3. T291
"Instrumentation®.,

11
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students who respond to quastionmaire surveys; moreover, students wvho
subsequently withdrav are less likely to watch television and -
particularly - listen to radio broadcasts 3. Consequently, a lov re-
sponse rate is likely to give a biassed picture of actual student
behaviour, aven though, as we have seen, the theoretioal sample error
may be relatively low. PFor this reason we believe that the data from
the 80% to 90% of students returning the broadocast questionnaires
reflects, vith reasonsble accuracy, the actual behaviour (in terms of
viewing and listening) of the total 1974 M331 student population, and
of its ivactions to the television and radio programmes in question.

(c) A random sample of 40 students vith telephones, registered for M331
in the middle of May 1974, was selected te be interviewed using a
schedule (Appendix B) which had been piloted at a Saturday School in
Casbridge study oentre in the previous March. The interviewvs were
intended to delve more deeply into reactions te the M2)1 radio and
television techniques thas was poasible through the postal questionmaires.
A further aim was to supply the ocourse team with additiomal information
on the use of SAQs in order to help tals a decision dictated by a print
deadline for M332. 1In addition, detailed questions were asked about
TVS, the programme broadoast immediately prior to the telephone in-
terviews: an analysis of students® answers is presented separately, in
Appendix F.

Of the 4O sampled students, ) said they had withdravn or were about to
do 30 and 2 could not spare the time to be interviewed. A further 10
- despite persistent efforts - could not be ocontacted during the inter-
view period 21st May to 2nd June. ‘Inhrvim were thus obtained with
25 of the original sample.

RESULTS
WORK PATTERN AND STUDY TIMES

Information collected in the study suggests that the M2)1 ocourse tean was
correct in assuming that students 'lag beiind" course oalendar starting dates.

(se0 p.3 ).

We concentrate here on data from the Course Unit Meport Forms for Units 3-7
represented graphically in Figure 1 (overleaf). Because of the lower reliability
of the data returned for later units in the course (see p. 3) this information
has been drawn on only to provide occasiomal comparison with the pattern indicated
by the data for earlier work units.

Suppose we consider various hypotheses about the way students schedule their
work. One hypothesis might be that students work roughly to the schedule of

2. Gallagher, M., 1975, Broadvast Evaluation Meport No. b, 834~ "Industrial
Chouistry Component™.
i2
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course calendar start dates suggested by the course team. However, Figure 2

(p. 9 ) shows that already by the beginning of Unit 3 there was a mean starting

delay (from the scheduled start date) of 14 days. The mean delay increased

dramaticglly to 26 days for Unit 4 - possibly exacerbated by the exceptional

difficulty students had with Unit 3 (see p. 12). By the beginning of Unit 5 ‘
mean delay was 28 days - students were starting on average & weeks after the
scheduled start date. For Unit 7 the mean starting delay had been reduced to
21 days: students may have been helped by the "break" between Units 5 and 7
(there was no text for Unit 6 so that students would have time for catching

up, consolidation or further work.) Moreover, the fact that Unit 7 is the last
EPit covered by T™MA 02 is important (see p. 11). The conclusion must be that

students do nmot schedule their work according to course calendar starting dates.

A second h ypothesis might be that students work roughly in a pattern dictated
by the television broadcast schedule. Since at lcast twice as many students re-
ported watching the first transmission-Monday at 6.15 p.m. -of each programme,
than the rcpeat-Saturday at 9.45 a.m. - we should take the first transmission
date of any programme as the scheduling point. In fact, the majority of students
had started work on the Unit related to each programme by the time of its first

transmission (Table 3)

TABLE 3: Percentage of students working on Unit related to TV

First transmission:-|TV2 TV3 TVh TV5
Related to: Unit 3 Unit A Unit 5 Unit 7
Students
Working : 61% 50% 72% 70%
On tinit ;

H .

flowever, it seems unlikely that the television transmission date is, in fact, a
crucial scheduling point for students. In the first place, the television pro-
grammes were actually scheduled on the assumption that students would work behind
the recommended starting dates for units: that is the first broadcast of any
television programme took place between 1 and & weeks after the recommended start
date for study of its related-correspondence text. It was therefore to be expected
that a respectabiic number of students should have reached the relevant unit by the
time of the first transmission of each programme: it is perhaps a cause for concern
that up to 50% had not done so. (e.g. in the case of TV} - even though this pro-
granme was transmitted 1% days after the scheduled start date for Unit % and even
though 75% of students had finished work on Unit 3 by that time, sce Figure 1).

An even "lower!" point was rcached for Unit 9 and its associated programme, TVG:

at the time of the first transmission of TVG, only 38% of students had started work

on the related Unit 9. In cach case (TV3 and TV6) the programmes coincide with the

: 15
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cut-off dates for TMAs covering previous units: it appears that these, rather

than TV broadcasts, are the really important dates for students.

This leads to the third hypothesis: that students work to TMA due dates,
or cut-off dates. The i:i!‘lt tutor-marked assigmment, ™A 01, covering units 1-3
was due on March 19th, and the cut-off date was April 5th (scheduled start for
Unit 4 was March 9th). TMA 02, covering uni‘s 4-7 was due on May 21st, and the
cut-off was June 6th (scheduled start for Unit 8 was May 11th). In each case,
75% of students had finished work on the last unit for each TMA (i.e. Units 3
and 7) at the exact mid-point between due and cut-off dates (Figure 1). In each
case, 75% of students had started work on the last unit covered by the TMA before
the due-date. The importance of TMA dates in student's work pl-ttornl is also
indicated by the possibility that students "have a rest" after submitting an
assignment: while 75% had finished work on Unit 3 by 27th March, it was 14th
April by the time Unit 4 had been started by 75% of students - leaving a "gap"
of 18 days (despite the fact that wost ;tudenta were already well behind schedule,
and that TV} - relateZ to Unit &4 - was first transmitted on 26th March). This
long gap between finishing work on one un}t and starting work on another does not
persist between Units 4 and 5 nor between Units 5 and 7. It does, however, reoccur
between Units 7 and 8, suggesting that students may well see the assignment sub-

mission dates as peaks: after each ascent they mav stop for a breather.

Overall then, TMA due and cut-off dates are the best guide as to when the
vast majority of students will have looked at, or perhaps even studied, a particular
unit.

(-

THE PRINTED UNITS AND TUTOR MARKED ASSIGNMENTS
The Units in General

On the whole, the units were found to be difficult (55% said "very" or "fairly!
difficult over all units) and time-consuming (1k.4 hours is the median over all
units). The study time is spread over ten days (from starting date to finishing

date), and includes an average of almost four hours spent on assigmments.

Students were asked how long they spent on the Appendix (an optional item). )
Overall, 39% of students studied the Appendices, though this dropped to 31% ir'; the
case of Unit 7, possibly because of pressure from the TMA 02 cut-off date. The
wmedian study time for the 'Appéndix was one hour.

At the beginning of the year, it was planned to make optional a number of
other items - up to 3 per unit - these were to be announced via Stop Press. In fact,
only two of these '"stop press optionals" were announced, both in Unit 8. The fact
that question 6 on the Course Unit Report Form asked about study times for possible
optional material throughout the year, makes interpretation of data for Unit 8
highly dubious. The very high number of 'no responses'" may be accounted for by
students who got used to ignoring this question: some of these non-respondents may
in fact have studied the optional items. For Item A, 18 out of 45 respondents said
they studied the section: the median study time was 1 hour. For Item B, only 6
of the 45 respondents said they studied the section: 3 of these spent under 30
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minutes on it, 1 spent between 30 and 60 minutes, 1 between 1 hour and 14 hours}and

1 between 1} and 2 hours.

Individual Units

Results for individual units are given in Table 4 overleaf. Scores for Units

13 onwards must be treated with caution due to the small number of respondents.

Of the early ﬁnits, number 3 can be seen to be extreme in several ways - e.g.
most difficult and most time-consuming. 26% of students spent over 20 hours on
this unit, and 9% spent over 30 hours on it. Generally, results seem to accord
with expectations that limits and continuity (Unit 3) are difficult concepts, %
differentiation (Unit 5) straighforward, and Riemann integration (Unit 8) involves |

long-winded calculations.

Difficult Sections

In Unit 3 the overvhelming difficulty was with the concept of limits and the |
epsilon/delta techniques. Further, more general, comments on the units indicate
that students found Unit 3 something of a shock after the relatively easy first two
units: in fact a number of students said that this was the most difficult unit met
in any Open University courses so far (M100, M201, M202, M251 were mentioned in

comparison).

In Unit %4, a number of students had difficulty in applying the method of
repeated bisection, but the majority had general difficulty in following the proofs,
particularly in Section 5. There was also general difficulty with the problem

sectionse.

With Unit 5, areas emerging as problematic were Section 5 (proof of the Chain
Rule) and Section 9 (directional derivatives), but general comments on the unit

indicate that on the whole students found it interesting and enjoyable.

In Unit 7, sections 4 (Darboux's Theorem) and 8 (implicit functions) gave most
trouble, but again on the whole this was one of the less difficult units in the

course.

Two specific points of difficulty were mentionea for Unit 8: firstly the
partition arguments - in some cases just their application - were found difficult,

and secondly the double integral was said to be confusing.

In Unit 9 the most frequently specified difficulty was that of grasping the
meaning of the characteristic function. A few students felt that there was in-

sufficient explanation and not enough examples of arc lengths.

Logarithmic differentiation and the domains of %nverse functions gave trouble
in Unit 10. Generally, however, students were fairly happy with this particular

anit.
There was general approbation for the opportunity for both revision and
practice afforded by Unit 11 - found by many the easiest unit of the course. A
general comment was the sense of relief and encouragement gained from being able to apply
well-learned techniques, and many found the unit enjoyable after the 'abstractness!'

17

of previous material.
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TABLE 4: REACTIONS TO UNITS 3 - 16
3 4 5 7 8 9 10 11 13 14 15 16
o
o )
. v s
L u m m”m w'd « & m ]
. B8 | B [ E (3% < | 25 2 | & 3 i |3 s | s
30 < - o d PO 40 R = o Eo ]
w B £ . 5 0 kK S [} ] - [ £ a % .
g - Q] - © m o o e S o o0 T o0 [
o~ ot 4 +» s - - Q Qe L [3) £ [ — S 3 ot ~ > ot
1 £ o E 2 o o » 9 £ a2 gL > g goy - £ 3
Z % O o 3 et B b - g o o4 C E 3 oo < 2 £ 0 )
=) EY) o & a < © =] A& o n - & oM o< n 40 D0 ©
Total study time
(median) in hours 16.4 14.6 14.0 14.8 13.6 13.8 13.4 14.3 15.2 17.0 11.7 11.2
Assignment time
(mean) in hours 4.5 - 3.7 3.2 3.8 4.1 4.0 3.8 3.8 4.1 4.6 2.1 0.5
Difficulty score
(high=difficult) 98 36 41 63 73 77 50 30 7k 104 96 19
Difficult smections
(*=more than 20% )
mentioned) 1*2*3,4,7 | 4,5* 7 }|5%6,7,9| 4,8 6 1,2,3,5 1 - 4 2,5,6* 1+ -
SAQ difficulty
score (high=
difficult) 70 61 35 51 64 6h 37 Lo 54 a0 79 29
SAQ usefulness
score (high=
useful) 122 121 126 147 .07 105 116 148 126 104 126 138
TMA quesiion
for unit
(mean score) 5.7 5.9 9.2 9.1 7.3 5.5 8.2 7.8 7.5 6.3 No No
question | question
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Comments on the other units are not dealt with here, because of the low

of
number‘relponding students. All comments are, however, available in Appendix J .

Self Assessment Questions and Problems

Overall, 45% of students found the SAQs very or fairly difficult. Difficulty
of SAQs relates positively to difficulty of unit (e.g. of the early units, SAQs
for Unit 3 were found most difficult, and those for Unit 5 least difficult - Table
4). The vast majority of students found the SAQs very or fairly useful (85%).
Usefulness of SAQs was also related to their difficulty: easier questions tended

to be rated more useful. (see p.32 for further correlation analyses).

Students! comments indicate that these SAQs were indeed a success - boosting
morale which had heen lowered by the more difficult problems. Altogether, the
impression gained from the comments is that students found the problems both too
many and extremely difficult - therefore time-consuming. On the other hand,
students seemed to lack the confidence to ''select", and were uneasy about skipping

any problems, despite the optional nature of some of the problem sections.

Tutor-Marked Assignments

The course team had included one non-assessed question in each of the four
tutor-marked assignments. Such questions were rather more difficult than the other
assignment problems and were intended to prepare students for the sort of questions
which they would meet in the final examination. However, as Table 5 shows, only
about half of those returning the assignments attempted the non-assessed questions,
a disappointing proportion when compared with the number of students tackling such
qgestions in assignments for M100, M201 or MST281.

Table 5: Tutor Marked Assignments for M231

No. students No. attempting | % of total Mean
submitting non-assessed attempting assignment
assignment question non-gssessed score

TMA question
1 699 ' 409 59% 7.1
2 522 245 47% 8.1
2]
3 378 187 4o% 7.0
4 364 184 51% 7.1

Each question in tlic assignments covered the content of a particular work
unit in the course. If we look back at the last horizontal column of Table &
{p.13) we see that the units which caused most difficulty to students, had the
lowest assignment question means: Units 3, 4, 9 and 14 had particularly low

means. Each of these four units was covered by a different one of the four TMAs.

i9




-15-

It is possible, then, that the difficulty which students had with thess four
units, the high study time spent on each - median times of between fourteen
and a half and seventeen hours - both contributed to the extent to which the
majority were working behind sdsdule and decreased students' inclination to

attempt the non-assessed questions in the four assignments.

THE TELEVISION PROGRAMMES

Viewing Figures

Both sources of information used in the study (CURFs and BQs) show
a fairly high initial viewing audience, falling off quite rapidly after the first
few programmes. The broadcast questionnaires provide data on the first five
programmes (Table 6)

Table 6: Students viewing first five television programmes (
™v1 ™ve v3 ™Vh ™v5
Total respondents 49 s0 b9 47 45
Number viewing 41 39 33 30 ! 26
% viewing 84% 78% 67% 66% 58%

The CURF figures are consistent with these, and show that the non-viewing trend
suggested by the broadcast: questionnaire data continues throughout the year.

Table 7: Students viewing last ten television programmes (CURFs)

a

™v2 | TV vk | Tvs | Tv6 | TV7 | TVB V9| TVi0| TV11
s | W% | A% | ¥ 5| 5| %
% Viewing 75 63 59 64 60 55 Lo 65 81 74

Reversal of the trend between IV4 and TV5 may be due to the fact that students
had begun to "catch up" to some extent by the time of transmission of TV5: by

the time of its 2nd transmission, 75% were working on the related Unit 7 (see
Figure 1). Altermatively, this may be not so much a reversal as a re-establishment
of the real trend. TVh may be artificially low because of the fact that there was
a three week delay between TV3 and TVh, instead of the previously established 2
week delay. This may have caused a number of students to miss the programme

unexpectedly.

3. Throughout the results, differences between BQ and CURF data are not signi-

ficant and must be accounted for by the exrror margin in the sample sizes.

20
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Students were asked in the broadcast questionnaires, if there was any
particular reason for not having watched the relevant television programme.
For each of the programmes, most of the reasons (over three-quarters) were
concerned with work or family commitments and with inconvenient transmission
times. A few students mentioned being behind schedule as a reason for not
watching, and a few others said they had not found Open University maths
programmes crucial to the courses they had previously taken. No-one gave
dissatisfaction with earlier M231 programmes as a reason for not watching a

later one.

For all programmes the weekday evening transmission was more popular
than the repeat at the weekend. Of CURF respondents, for each TV programme
at least twice as many watched on Monday evening (18.15) as on Saturday morning
(09.45). Generally, less than a fifth of students watched both transmissions,
with the exception of TV2, which was watched éwice by a quarter of the students

.. in the BQ sample and by 23% in the CURF sample.

Usefulness of the Television Programmes

As far as overall usefulness of the programmes is concerned, we find that,
of those who watched’most students found most of the programmes helpful. Table

7 shows the reactions of BQ respondents to the first five programmes.

Table 8: Usefulness of first five television programmes (BQs)

ERIC

‘ Aruitoxt provided by Eic:

™1 Tv2 T™v3 TV TV5
Numbers rating programme;
Very useful 7 2 5 5 5
Fairly useful 21 18 25 1h 18
Not very useful 13 12 1 10 2
Not useful at all o] 7 1 o] (]
Don't know 0o 0o 1 1 1
Total b1 39 33 30 26

Percentage results from CURF data show that reactions of thk< two groups of re-

spondents are broadly similar and that TV2 clearly stands out as being least

useful.
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Table 9: Usefulness of last ten television programmes (CURFs)

rcentage V2 | TV3 |TVh | 1IV5 | TV6 |TV? | TV8 [TV9 'TV10| TV11 .
rating programme: % % ) % % % | % % % %

ary useful 8 |17 |22 |23 |27 |26 |35 |29 |16 | 36
airly useful 30 |59 |5k |62 |48 |56 |49 |53 |64 |50 -
t very useful 35 |18 |19 {13 j1b |11 8 |16 |20 -
t at all useful | 26 b |3 - 5 2 - |16 |20 7
n't know 1 1 '] - 1 - 3 - - -
answer - 2 1 2 5 5 5 2 - 7

1n order to allow ws to probe the relative usefulness "ratings' of the
various programmes, (e.g. to know whether a low rating wvas related to programme
content or style or perhaps to some other, external, factor) students - in
both BQs and cum-“; - were asked to say why they had found any particular
programme '‘not useful. A gloss of these cowments for each programme is
given below. A complete list of verbatim comments is provided in Appendicd s
K and L.
™1

The general theme of these reasons was that the programme was too general,
contained nothing new, and came too late, i.e. when work on Unit 1 had already
been completed. Several students commented that this introductory programme

was interesting rather than useful.

V2

Almost all the reasons students gave for not finding TV2 useful were
related to the silent animations, in particular to the pace at which they
developed, and the impression of "jumpiness" or nflashing” which the sequence

of changes of lines in the proofs seems to have engendered.

’ Tv3
In this case, most of those who found the programme not useful said that
this was because they had not done the necessary pre-study of Unit 4. This
agreeswith our earlier finding that students tended to get "bogged down'" with

Unit 3.

V4
Proof of the chain rule gave trouble - some said it was too fast,

others that not enough explanation was given of certain steps in the proof
(c.g. the introduction of the function called @ in the broadcast notes).

There was some feeling that the programme stuck too closely to the methods and
approaches to problcms and theorems that they had already seen in the textbook.
Again, there were several people who had not yet studied Unit 5.

TV5
Q
| E lC Very few comments were received here: (this was in fact, found to be one

l of the most useful programmes in the course). The most common reason given




-18-

for not finding it useful was that the programme followed the textbook too
closely. Again, the scheduling factor was relevant: for a number of students
the programme was screened too late in relation to their study of the relevant

printed material.

6

Here again, those who did not find the programme useful were almost all
students who had fallen behind the recommanded work schedule and had not

studied the relevant text befcre seeing the programme.

vy

This programme was generally criticised as having moved through the
material so quickly that it was_impossible to follow the details. Moreover,
both transmissions were on Saturday mornings, a fortnight apart. This unusual
transmission pattern led to difficulties for some students: of those who
normally watchod both broadcasts, some inadvertently missed the first showing
while others forgot to watch the repeat because of the long delay.

Very few comments were received on the remaining television programmes:
they are all included in Appendices K and L.

Reactions To Animated Proofs

An attempt was made in the broadcast questionnaires and telephone in-
terviews to learn how students reacted to the presentation of proofs by means
of the manipulation or animation of words and symbols, as distinct from the

more usual graphical animation.

The overall impression gained was that students were not violently against
the technique as such (nor were they fervently in favour of it), but that a
substantial number of them felt that those animations they had seen in TV
programmes 1-5 were too fast. In particular, the speed of the animated proofs
in TV2, together with the fact that all such proofs in TV2 were silent, was the
main reason why a large number of students classed this programme as not useful.
Whenanimated proofs were voice-accompanied, students seemed to be much happier
with them.

It is quite likely that the widespread unfavourable impression of TV2
coloured students' responses to the question of animation technique as used
in later programmes (especially TV3), and this should be borne in mind in the
interpretation of the results which followe

One of the major aims of the animation technique was to increase students'
concentration during these animated sections of the programme and hence make
them think harder about the theorems than they might otherwise have done.
Students were divided in the extent to which they felt that the animations

were successful in this respect.

5 23
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Table 10: Success of Animations in Increasirg Concentration ° (Bgs)

Mumber rating ™1 ™va ™3 Vs
animations as: [
8 2 ‘
Very successful 231 12 3 ; 3 3; 16
Fairly successful 23 12 11) 13)
Not very successful Bi 8 16% 26 n% 2 7% 9
Not at all successful | O 10 9 2
No answer 0 1
33 26

* No silent animations were used in T™vh.

It appears that the animations have not been entirely unsuccessful
in this aim, though it is difficult to say just how sucoessful they have
been in view of the generally negative ;o:gi':‘i‘onl.to TV2 and the possible
“hang-over! effect on V3. Note, for example, that the animations in TV1
particularly, but also in TV5, were rated as having been on the vhole

successful in their aim of increasing concentration.

The producer of the progra-u)nware that student reactions to the
animation technique might well be negative, wanted to know whether such
reaction might actually have interfered with the learning process, or
whether the proofs demonstrated through animation, nevertheless remained
in viewers' memories. Students were therefore asked which animated
proofs, from a given list, (not in the order shown here) they recalled
as having been in the programme on which they were reporting. They were
asked not to refer to the broadcast notes when answering the question.
The results, as shown in Table 11 overleaf, indicate that recall was

- generally good. Students filled in their questionmaires up to three
weeks after viewing the programmes: the amount of error in allocating

particular theorems to particular programmes is therefore not great.

The technique having been established in the first few programmes,

respondents to the final two broadcast questionnaires were asked how u-eml’

in general, they found this animated demonstration of proofs.

ERIC
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™ V2 TV3 VL IV5
No. responding to this
P B’ % 3 29 %
question — - -
2 is irrational (was
in ™1) 37 6 1 3 0
£,g continuous
£,g continuous 1 32 2 1 1
(was in TV 2)
L]
-~
§ £,8 contimous
: fog contimuous 1 28 0 1 0
° (was in TV2)
-1
.g
pel x is continuous
§ (vas in TV2) 5 25 1 0 1
-l
: Tntermediate value Theorem
I (Theorem 7-1) 5 1 28 1 1
§ (was in TV3)
1] N
g Chain Rule (was in TVL) 0 0 1 27 1
i ! Leibnitz' formila (was in TV4) o o 1 2o 2
gl &
<
o & Rolle's Theorem (was in TV5) o o o 0o 2
o
E i Mean Value Theorem
-
5 (was in TVS) 11 3 2 2
i /a+b/%fa/+/v/
s (Not proved in any programme ) 1 2 Y 1 1
g £ continuous,
= [a,ﬂ f bounded on &,b
- (mu’ 1 1 15 0 0
D) oned, but not proved, in
v v3)
(>
£,g continuous £ + g continums
(Stated, but not rroved, in TV2) o 11 2 1 0
£ (x)> 0 for XE (a,b)
f increasing on (a,b) 0 0 4 0 18
(Proved in V5, but not using
animation technique)
| £,g differentiable
(fg)=fg' ¥+ £ 2 (Used but 0 0 1 7 1
not proved)
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Table 12: General Usefulness of Animated Demonstration of Proofs (BQs)

rs rating animations as: T™vh ™v58 Both Programmes

umoers .

Very useful 7 ] 3 ﬂi 29
Fairly useful 8 9 <17

Not very useful 10 8 182 a4
Not useful at all ) 4 ] 6
Don't know 0 1 1

No answer - 1 2

2 -
AL
Total 30 26 %6

Respondents were clearly fairly evenly split in their estimates of the
general usefulness of the technique.

A final question concerned the pace at which the animated proofs
developed.

Table 133 Nverall Pace of the Animated Proofs

Numbers finding the animations: | TV1 ™va ™v3 Tvh TvS
Altogether too fast 2 17 s s 1
o } 13 i 35 i a1 } 19 } 10
Too fast in places 13 18 16 14 9
About right a4 3 10 8 14
Too slow in places 2 0 3 4 1
Altogether too slow 0 0 0 1 1
No answer 11 1 3 1 0
Total b2 39 36 33 26

Note that even in TV S, where the few animated proo}n used in the programme
were accompanied by graphs as well as by voice commentary, still alwost half of
the students would have liked things slowed down, while the proportion holding
this view is even higher for the other programmes (except TV 1).

On balance, it appears that the animation technique was not completcly
rejected by viewers, though undoubtedly the pece at which the animations developed
in TV2 caused grave problems - indeed problems of a lesser magnitude were caused
by the pace of thé animations in all programmes covered by the broadcast question-
maires. -There is nothing to suggest that students in general were particularly
‘for' or 'against' this technique, altihough some students definitely did seem to
dislike it. Also, it seemed possible that the technique might indeed have
increased concentration; certainly students did not appear to have difficulty
in recalling procfs demonstrated in this way. However, in view of the novelty

ERIC 26
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of the technique and the fact that students were timmersed” in it very
early on in the course (in TV2 -afurther complication being that this
programme dealt with the epsilon/delta techniques which studeats found
particularly difficult in Unit 3) it is extremely difficult to distinguish
between inherent disadvantages of the technique itself, and problems

caused by the way in which it was introduced and applied in M231.

Problems Worked Through By Presenter

Students were specifically asked how useful they found it to see
problems being worked through by a presenter. The general impression
gained from both questionnaire and interview responses was that this
technique was certainly appreciated, prinarily since this was the method
most likely to assist students in gaining some idea of’how to go about
"théklingﬁ pr;bIems - the principal overall difficulty which students

appeared to have with the course in general.

Table 14: Usefulness of Problems Worked through by Presenter (BQs) *

Numbers rating the ™3 V4 ™5 All programmes
technique as:

Very useful 16 9 , 13 38
Fairly useful 15 13 11 39
Not very useful () 5 2 7
Not useful at all o) 3 ] 3
Dont't know 1 0 0 1
No answer 1 0 0 1
Total 33 30 26 89

* Question not asked on BQs 1 and 2.

Some students said that they preferred this kind of presentation to the
use of animation because it resembled more closely a tutorial or class-
room situation and was valued for the sense of personal contact provided.
Several said that they were accustomed to this manner of presentation and

therefore knew what to expect from it.

Some specific problems worked tﬁrough in TV3, Ivh and TV5, were
mentioned ‘y students as being particularly helpful.
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Table 15: Problems Helpful to Students in TV3-5
‘i'

Helpful as No. of times

;\2 concrete Helped to Helpful for mentioned
example of do other Revision as being
abstract work helpful
ideas

Problems 7-17
P.109 of Spivak
(Note 3 in broad- 4 3 1 8

cast notes)

Theorem 7-1 (Note

4 in broadcast 1 2 1 L
notes)

Shoe Fitting

l.u.b. example 3 1 1 5

T No. of times
Helpful as Helped to Helpful mentioned

TV concrete do other for as being
— example work revision helpful
Example of
Leibnitz formula
for L 3 2 9
derivative of.
product
Using implicit
differentiation
to find dy if 3 1 1 5

dax
xz + yz = 1 and
£1(x) if tan
(1(x))= x
Pascals triangle 0 1 3 L
Differentiation
of Sim(2x + 1) 0 |. 2 2 ' A 8

v

Only a few students mentioned anything specific here. The relation-
ship, shown gruphically, between Rolle's Theorem and the mean value

theorem was mentioned once, and the example of finding the derivative of
arctan three times. .
4
ERIC | 28
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Use of Broadcast_Notes

Most students (at least two-thirds of BQ respondents and 80% of
CURF respondents for any one programme) said that they had, as intended
by the course team, re;d the introduction to the TV broadcast notes
before watching the programme. However, rather fewer students attempted

the SAQs in the broadcast notes, especially those for the later programmes.

Table 16: Use of SAQs for first five television programmes (BQs)

Numbers TvV1 ™va v3 TVh Tvs
who:

Used 29 26 17 16 9

Didn't use | 10 13 16 14 17

No answer 2 ) (o] ) (o]

Total 1%} 39 33 30 26

Percentage results from CURFs show the same tdropping off" at TV5;:

Table 17: Use of SAQs for last ten television programmes (CURFs)

Percentage Tve |Tv3 | TVh | TVS | TV6 | TV7 v8 | Tve | TV1O0 | TV11
who: % % % % % % % % % %

Used 71 70 73 64 7h 68 81 71 48 . 64

Didn't use 27 25 25 |3k |26 30 16 29 L 336

No answer 2 5 2 2 - 2 3 - 8 - Jl

The "dip" for TVS is difficult to explain, particularly as, ]:ike Tv8 whos'e
associated SAQs were most widely used, TVS was rated one of the most 'useful®
programmes in the course. One possibility is that students were, at the
time of the programme's transmission, busy with preparation for their sub~
mission of TMA 02. Some confirmation is provided by the other slight !'"drop"
for TV7, transmitted near the due-date for TMA 03. Students were, in fact,

asked wh, they did not use the SAQs for some of the programmes.
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Table 18: Reasons for Not Using SAQs. (BQs)

Numbers giving ™3 ) Vi s
following reasons:
No time 11 6 11
. +
Will use later 5 2 2

(for revision)

Not up to appropriate 2 2 2
unit
Other 4(a) 2(b) 3(c)
¢ ¥ v
(a) Spent rest of evening after programme.on MDT241, and forgot
about SAQ's. ’

(b) (i) Did not follow programme sufficiently well to answer questions
(ii) Understood unit fairly well.
(c) Two said "lazy'.
one said -"because I had finished Unit 1 I considered this

]
part of the course closed.

Clearly, then, shortage of time was the major factor preventing
students from using the SAQs. The students who used these SAQs did
generally sppreciate their usefulness: between 80% and 90% of those who
used them found the questions "very'" or fairly" helpful. Those few
students who gave reasons (in the broadcast questionnaires) for not
finding the SAQs helpful, tended to find it too easy to answer such questions

immediately after the programme.

Study Time Associated with Television Programmes

In order to determine an ;'p;;roxin-te normal time of study associated
with each television programme, students were asked (in BQs and CURFs), how
much time they had spent on the broadcast notes, including SAQs if used,

after the television programme.

Median study times have been calculated for those students spending

’ at least some time on the broadcast notes after the programmes.

Table #: Median time on broadcast notes after last ten t®levision programmes

(CURFs)
™vZ | TV3 | Tvh [Tv5 | TV6 | TV7| TY8 v9 | TVv10 | TV11

Median time
(In minutes) 26 23 26 |27 30 27 | 38 33 2h 22

ERIC 30

Aruitoxt provided by Eic:




-gﬁ-
The "high" for TV8 is probably caused by the high proportion of students
attempting the SAQs (see Table 17) and the fact that there were more

questions associated with this programme than was usual.

Adding to this median about 5/10 minutes for reading the introduction
to the notes, we estimate the normal study time associated with the
television programmes (excluding the actual viewing time) to be about
30-35 minutes: in other words, each television programmes in M231

represented about one hour's work for the student.

It is interesting to note that there is a consistent positive re-
lationship between the time spent on the broadcast notes after the programme
and the usefulness rating given to the programme by the student. On the
evidence of the BQ's, we found that for each of the 5 programmes, the
average time spent on the broadcast notes was higher for those students
who found the programme very useful than for those who did not find it

. useful.

This suggests that the SAQs are indeed having the desired effect of
reinforcing the main points of the programme for those students who spend
more time on them. Support for this comes from the CURF data (p33) where
a significant positive relationship was found between helpfulness of SAQs

and usefulness of the programme.

ERIC -
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The Radio Programmes

Listening Figures

The study found a disturbingly low proportion of students listening to the M231
radio programmes, even in the early part of the year. The broadcast questionnaires

provide information on the first four programmes in the course.

Table 20: Students Listening to First Four Radio Programmes (BQs)

Radio 1 Radio 2 Radio 3 Radio 4
Total
Respondents 49 51 49 46
Number
Listening 30 29 22 14
& Listening 61% 57% 5% 30%

The CURF data confirms that only about three-fifths of students listened to even
the first programme and, although reflecting rather higher overall listening
figures than those indicated by the BQ data l‘, shows that fewer and fewer students
listened as the year went on. (Figures for Radio 7 and 8 are not reliable: see p.5)

Table 21: Students Listening to Last Seven Redio Programees (CURFs)
Radio 2 | Radio 3 | Radio & | Radio 5 |Radio 6 JRadio 7 |Radio 8
% % % % %
% l1istening] 60 53 55 49 43 51 1 47

This low listening population was conﬁr.;léd by responses to the telephone
interviews, where it was found that 8 of the 25 students interviewed had listened
to no M231 radio programmes at all, and that a further 3 had heard only the first
programme. Only 6 of the 25 had heard (or at least put on tape) all four programmes
transmitted up to the time of the interviews.

The interviewees who had listened to no programmes were asked why this was so,
and were specifically asked for their opinions of any other maths radio programmes
they might have heard. They were also asked whether they had looked at the M231
radio broadcast notes at all, to discover whether they could have known what kind

of radio programmes they were missing.

Most of them had read the broadcast notes, as a possible source of extra help

L. The CURF data almost certainly presents an inflated picture of listening figures.

Q See p. 5
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in understanding the unit or in doing TMA or CMA questions, so most of those who

chose not to listen to any of the programmes were aware of their problem-solving

orientation.

Four of the eight said they had not generally found past maths programmes very
helpful, although two others thought they were very good. Five of them said they
preferred tg spend the available time studying the printed units. This was, in
fact, the overwhelming impression gained, both from specific questioning and from
spontaneous comments made by the 25 students interviewed - radio is regarded as the
least essential component of the course, the component to be sacrificed first, the
component students are least willing to make an effort to use. This seems to apply

even to those students who find the radio programmes helpful.
Among those who did listen to the programmes, preference for one particular
transmission slot was by no means as clear-cut as had been the case for the

television programmes.

Table 22: Use of Transmission Slots for First Four Radio Programmes (BQs)

Numbers Listenings R1 R2 R3 Rh
Wednesday 7.10 p.m.~ only, 15 15 12 5
Saturday 7.20 a.m. only 10 11 6 v b
Both transmissions 2 3 1 3
Taped only 3 o] 2 2
No answer 0 0 1 0
[j Total 30 29 22 . 1k
Taped also 4 | 4 l 5 4

The CURF data confirms this general pattern, showing the Wednesday evening
transmission to be slightly more.popular, just under a tenth of students - on average -

listening to both transmissions. ~

Table 23: Use of Transmission Slots for Last Seven Radio Programmes (CURF)

Percentage

listening: R2 R3 Rh RS R6 R7 R8
Wednesday 7.10 p.m. only 45 4o 52 45 47 43 33
Saturday 7.20 a.m. only 29 33 31 25 21 23 60

Both transmissions 9 8 5 9 13 11 . ‘
Taped sound 17 19 11 22 18 20 7

Note, however, that in all cases, quite a substantial proportion of students
listening did so on Saturday morning, even though the broadcast was at 7.20 a.m.
(Compare this with the 9.%45 a.m. Saturday viewing time). However, the early time

of this broadcast was given fairly often as a reason for not listeping at all. Also

worthy of note is the one-fifth - on average - who recorded the radio programmes on tape.
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Usefulness of Radio Programmes

Those students who listened to the radio programmes generally found them
useful, and said that the pace was about right.

Table 24: Usefulness of First Four Radio Programmes (BQs)

Numbers finding R1 R2 R3 R4
programme 2

Very useful 5) 7) 6) 5)

) 26 )26 )20 )11
Fairly useful 21) 19 - 14) 6)
Not very useful 2 3 2 2
Not useful at all o} 0 o} o}
Don't know o} (o] o} (o]
No answer 2 0 0 1
. rs .

Total listening 30 29 ' 22 14

Table 25: Usefulness of Last Seven Radio Programmes (CURF's)

—
Percentage finding R2 R3 R4 RS R6 R7 RS
programme 3 % % % % % % %

Very useful 23) 31) 38) 26) 42) 29) 60)
)85% )83% Ele ] )72% )89% Y80% 187%

Fairly useful 62) 52) 52) 46) 47) 51) 27)

Not very useful 11 9 4 17 3 14 -

Not useful at all 2 8 2 8 - - 7

Don't know 1 1 2 2 3 - -

No answer - - 2 2 5 6 7

»

So no programme stands out as being particularly not useful, although Radio 5 slumps
somewhat in rziation to the others, for no reuoﬁ apparent from the comments made by
students. Of those students who didn't find the programmes useful, the most common
reason given over all programmes was the pace at which they developed, although, in
fact, the majority of all students said that this pace was about right. (Table 26),
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Table 26: Pace of the First Four Radio Programmes (DQ®)*

Numbers finding R1 R2 R3 Rh
the programme :

Much too fast 0 0o 1 0
Rather too fast 4 4 4 1
About right 22 25 16 11
Rather too slow 3 (o} 1 1
Much too slow 0 (o] 0o 0
No answer 1 (o] 0o 1
Total listening 30 29 22 1k

*This question was not asked on CURFs.

Programme Format

Students who were interviewed were asked for their opinion of the format of the
radio programmes. Over half said that they preferred the problem-solving style to
any other. Two students would like to have had the main points of the unit
discussed as well as hearing problems solved, 2 were specifically unhappy with
problem-soiving via radio, and j called for "motivating" programmes and broadcasts
which "linked up! the theorems in the course, in order to give a better idea of its
general structure. One of these also liked M100 historical programmes, and would
like to have heard something along those lines. Nevertheless, all but the two who
had no clear alternative style of programme in mind did find the programmes, as they

were, useful.

Use of Broadcast Notes

All but a handful of those who listened to the radio programmes said that they
read the introduction in the broadcast notes before listening, and the vast
maijority also attempted to follow the notes, as instructed, while listening to

the programmes: some experienced difficulty in doing so (Tables 27 and 28).

Table 27: Difficulty in Following Notes While

Listening to First Four Programmes (pQs)

Numbers finding it: R1 R2 R3 Rk
Very difficult (o] (o] 0 (o]
Fairly difficult 2 7 5 1
Not very difficult 17 14 10 6
Not difficult at all 8 7 4 3
Didn't try to follow them 1 1 3 3
No answer 2 0 0 1
Total 30 29 22 14
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CURF data is consistent with this general picture!

Table 28: Difficulty in Following Notes While
Listening to Last Seven Programmes (CURF's)

fi t
Percentage finding i a2 fi Rl '}g R 2 R; R£
| X
Very difficult 7 10 L 17 - - -
Fairly aifficult 22 18 21 23 16 . 23 7
Not very difficult i1 42 36 34 39 46 60
Not difficult at all 25 23 29 23 39 29 "33
Didn't try to follow them 2 4 7 2 - - -
No answer 2 3 2 2 ] l 3 -

Consistently, then, about a quarter of those who attempted to do so had some
difficulty in following the notes during the radio programmes. There was also a
positive relationship between usefulness of programmes and ease of following notes
during them: note, for example, Radio 5. This was the programme rated least
useful and the one during which students had most difficulty in following the
broadcast notes. Apart from ,the "dip" for Radio 5, there is some slight indication
that during the year students "got used to" the activity of following the notes
while listening. (Table 28).

About half of those who listened to the rndiot p'i;ogrn-el used the associated
SAQs in the broadcast notes. All of those who used them found the questions
helpful. Reasons given for not using the SAQs were usually "lack of time", or
"saving them for revision", although one or two: said they didn't ,UIO them because
they had not yet reached the relevant printed unit.

Similar findings emerged from the telephone interviews, with slightly more than
half the students questioned using the SAQs straight away. A couple of people did
not like "filling in boxes', but one was very enthusiastic about this activity.

Most thought it was a'good idea to have SAQs in the broadcast notes.

Study Time Associated with Radio Programmes .

To calculate an approximate normal study time, students were asked how much

. time they spent on the broadcast notes, including SAQs if used, after each programme.

Median study times have been calculated for all those who spent any time on the

notes after the programme.

Table 29: Median time on Broadcast notes After
First Four Radio Programmes (BQs)

R1 R2 R} Rh
- et
Median time 29 18 o6 30

(in minutes)
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- Table 30: Median time on Broadcast Notes After

Last Seven Radlo Programmes (CURFs)

~

Median time 21 27 25 26 30 35 30

{in minutes)

Adding on 5-10 minutes for reading the introduction to the notes, we estimate the
normal study time associated with the radio programmes (excluding listening time)
to be similar to that found for the television programmes - about 30~35 minutes.

So each radio programme in M231 represented Just under an houg; work for the student.

The relatively low median study time for Radio 2 (over a quarter spent less
than 15 minutes on the notes) can possibly be explained by considering the nature
of the notes and $AQs for that programme, compared to those for the other programmes
in the course. For Radio 2, there were no '"boxes! to be filled in, and the SAQs
were all of a géneral nature, whereas for the other programmes, the notes were full
of boxes,and the SAQs generally involved calculations rather than definitions and
theorems. It is possible, then, that students can more easily resist questions
which may involve them in some thought before even the beginning of an answer can

be written down.

N
il

RELATIONSHIPS BETWEEN THE VARIABLES STUDIED

The information from the Course Unit Report Forms for all 12 units covered in
the siudy, together with their associated television and radio programmes, was
computer-analysed on the following 19 variables:

1, Difficulty of units

2, Difficulty of SAQs

3. SAQs not usecd

4. Usefulness of SAQs

5, Study time (execluding assignmenvs)

6. Time spent on assignments

7. Television programmes not watched

8. Usefulness of television

9. Introductory notes not read before TV viewing

10. Helpful..'ss of SAQs for television programmes

1t. SAQs for television not used

12, Time spent on telcvision notes

13. Television notes not used

1i, Radio programmes not listened to

15, Usefulness of radio

16, Introductory notes not read before radio listening
17. Difficulty following notes during radio programmes
18. Notcs not followed during radio programmes

19, Time spent on radio notes.
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There are three main problems in the interpretation of the data obtained from

this analysis:- ‘

(a) the small number of units (12) covered in the study

(b) the small numbers of students actually reporting on these units, particularly
the later ones

(c) the fact that there was some variation over the various units, in the students
who did respond: not all units were reported on by the Same group -of students,
since some "skipped" reports on particular units and, of course, wany students

returning early reports did not return later ones.

5
Nevertheless, we report on some parts of the analysis here since significant
correlations were found, confirming findings from other parts of the study and since
& number of interesting points are raised about the relative import ce of various

aspects of the course components to students'! overall study patterns,

Coi: elations between Unit Variables (1 to 6)

Only one correlation here was found to be statistically significant : difficulty
of the unit was very highly related (r = .94) to difficulty of the SAQs for the unit.
This is hardly a surprising result, since the SAQs are based on the material
contained in the unit. However, a number of other tendencies in relationship are
discernible, pin-pointing the difficulty of the unit 23 the dominant variable which
affects all the others.

When the unit is difficult, its study time is increased and more students
attempt the associated SAQs. Moreover, a longer time is spent on the assignment
question. Where students do attempt the SAQs on easier units, there is a tendency
(r = .42) for these SAQs to be rated more useful than those for difficult units.
This may be because of the function which SAQs seem to fulfill for students
(for example, providing encouragement and support - see p. 14 : students would
be unlikely to rate difficult SAQs as "useful" in this sense); or it may be that
a favourable reaction to the easier units has been carried over in a similar

reaction to the associated SAQs.

Correlations between Television Variables (7 to 13)

A number of significant correlations was found here. It appears that the
dominant variable is the proportion watching television. When this proportion is
low, those who do watch are more likely to study the broadcast notes, to attempt
the SAQs for the programmc and to spend more time on the notes. It seems, then,
that as television viewing "falls off" throughout the year, students who persist in
watching are nl;o persistently active towards the television-related materials.
Further, when the viewing proportion is low, viewers rate the television-assiciated
SAQs as more helpful (r=.69) although this is aimost certainly affected by the fact

that the television programmes themselves are rated as more useful by 'persistent®
< viewers. Moreover, such viewers are more likely to have done the preparatory

.broadcast note) reading for the programme.

=
6. Significance is attributed to correlations where ¢ =0.7 or more

| 5. Complete correlation matrices are given in Appendix G.
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The plcture which cmerges, then, is of a hard core of television viewers, who
may be in some way particularly attracted to the television medium and who
.conscquently enjoy and finl useful both the programmes and the related activities.
on the other hand, such students may simply be conscientious in their overall
approach to their studies, working through all the materials in the recommended
sequence and finding them all useful.

Correlations between Unit and Television Variables (1~6 and 7-13)

In general, it appears that increased time spent on the text of a unit reduces
the amount of a television-related activity: units which have long study times
for the text, and units which have difficult SAQs are such that fewer students
study the television notes (r=.65 and = -.6) respectively) and those who do study them
spend less time on the notes (r-.63). On the other hand, units which are more difficult
have more students watching the associated television proorlmmé {r=.72). This
seems to indicate that although particularly difficult units may influence more
students to watch related television programmes, in such cases students have less
time to spare for all of the activities related to the programme itself. It looks
as if some students in these circumstances turn to the television programme almost
in an attempt just to gain some extra insights or clues into eventual mastery of
some particular problem in the printed unit material, rather than with the aim

of understanding the full scope anipurpose of the television programme in itself.

Correlation between Radio Variables (14 to 19)

Only two significant correlations were found here. Where the proportion
listening to radio is low, more time is spent studying the broadcast notes (r=.80).
where students read the notes before listening, they find the notes easy to follow
during the programme arl the programme itself useful (r= =.95). This corresponds
with the finding for television.

Correlation between Radio and Television Variables (7 to 13 and 1k to 19)

Where the listening proportion is low, the proportion viewing is also low (r= .66)
However, those who do watch and listen more persistently find the television
programmes useful (F= .78) and the associated S5AQs helpful (r= .86)
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CONCLUSIONS AND SECOMMENDATIONS

The M231 evaluation study set out to answer a number of specific questions
raised by the course team about the organisation and presentation of material
in the "Analysis" course. The data has enabled us te provide at least partial
answers to these questions, and to indicate some possible courses of action
to the course team in relation to the M231 course itself and to the proposed
third~level course "Complex Analysis". Many of these suggestions were made
in an earlier, interim, repor: to the course team and, where feasible, have
<lready been taken up. We list here the specific recommendations to the
cource team in relation to the two sets of original questions raised: while
the first set of findings and recommendations (A, below) is rather specific i
in its application to the M231 course, the second ®) is wuch more general and
will be of interest to other course designers 1néh. University as a whole.

SUMMARISED FINDINGS AND SUGGESTED COURSES OF ACTION

A. Questions Raised in Relation to Adjustments to Content of M231

1. Whst is the 'normal! time for the period of study for a

particular unit?

Average study time was found to be high - the median. was 14.4 hours
over all units. Study time on individual units ranged from a -odhn of
13.3 hours on Unit 10 to 17 hours on Unit 14: indeed, 31% of ltudontl spent
more than 20 hours on this latter unit and 10% spent over 30 hours on it.
Another extremely time-consuming unit was number 3, with a median study time
of 16.4 hours: in this case, 26X spent over 20 hours and 9% over 30 hours
on the unit. In all cases, study times include an average of & hours spent

on assignment questions for the unit.

2. Which sections in the unit are abnormally difficult?

Outstandingly difficult overall units were, again, 3, "Limits and
Continuity" and 14 “"Sequences and Series": alwost a quarter of the students
rated these as "very difficult". Other difficult units were & on "Continuous

Functions", 8 on "The Riemann Integral" and 9 on "Properties of the Integral'',

Within specific units, particularly difficult sections - mentioned by

more than 20% of students - were:

Unit 3, sections 1 and 2: epsilon/delta techniques and the concept of
limits; problems.

Unit &, section 5: overall difficulty with problems; also general
difficulty in following the proofs and diffi-
culty in applying the method of repeated bisection.

Unit 5, section 5: proof of the Chain Rule(although this was
rated one of the easiest overall units).

Unit 14, section 6: the problems caused general trouble:

3. What is the 'normal' time of study for those sections of the course

which can be made optional?
Overall, 39% of students studied the optional Appendices, though this

dropped to 31% for the Unit Appendix, pouit’:ly because of pressure from the

Q TMA 02 cut-off dste. Median study time for the Appendix was 1 hour.
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Interpratation of data for the other optional sections - in unit 8 -
is difficult, because of the particularly low response to the relevant
question. However, it appears that 40% studied the optional Item A, with
a median study time of 1 hour. Only 13% of respondents reported studying

optional Item B, with a median study time of 30 minutes.

4. What proportion of students claim that a p‘rticular TV programme

is totally unhelpful? :

With one notable exception the TV programmes were found useful by those
who watched (at least 75% of students who viewed said that any one programme
was "very" or "fairly'useful). The exception was TV2, which 62% of students
said was not useful. Almost all the reasons giv;n for its lack of useful-
ness were related to the silent animations used in it to demonstrate proofs.
Particular criticisms were made to the pace at which the animations developed,
and the impression of "jumpiness" or "flashing" given by the changing sequences

of lines in the proofs as various parts of the theorem were highlighted.

5. What is the 'normal' time for study associated with a particular

1V_programme?

Median study time is 35 minutes (excluding viewing time). This is

calculated by adding 10 minutes - for reading the introduction to the broad-
cast notes - to the median time spent on the notes (including SAQ's if used)
after the programme. The median has been calculated only for those 75% °

of viewers who 'spent any time at all on post-broadcast work.

6. What proportion of students claim that a particular radio programme

is totally unhelpful?

No programme so far stands out as being particularly not useful, although
Radio 5 was rated rather low, relative to the others: 25% found it "not
very" or Mot it all" Gsetul. Overall, however, 85% of students who listened found
the programmes useful. Of those students who didn't find the programmes
helpful the most common reason given was the pace at which they developed

(although in fact the majority of all students said that the pace was about

right).

7. What is the 'normal' time of study associated with a particular
radio programme?

Median study time is 35 minutes (excluding listening time). This is
calculated, as for the TV study time, for the 80% of listeners who spent

any time at all cn the post-broadcast work.
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Suggested Courses of Action Concerning Adjustment of Content of M231

1. Units 3 and 14 caused major difficulties for most students in 1974 and
called for some remedial attention. Unit 3, particularly, coming so early
in the course, was a problem since the inordinate length of study time it
required certainly contribufed to the serious extent to which many students
were behind schedule at almost the beginning of the year. Part of the
problem was that students were somewhat mislead by the comparatively easy
first couple of units inté thinking that the colirse as a whole would be easy:

Unit 3 thus came as something of a shock.

If considered inappropriate, or impossible, to alter either the approach
taken in Unit 3 or the amount of material contained in the unit, students
could be helped by some warning that this has been found a difficult part of the
course, and by an adjustment of the study schedule to allow more time for
work on this particular unit. They might also be advised to work through
the first couple of units fairly quickly. A further possible source of help
could be the provision of extra tutorial help, either in normal class tutorials
or at a Saturday School arranged during the period in which students should

be working on Unit 3.

2. Students were spending, on average, considerably more than the notional
10/12 hours perwit. Undoubtedly, an important contribution to the high study
time was the number of "Problem' sections in each unit. Althoug the problems
in the Optional Sections in each unit were labelled "routine problems' and
harder ﬁroblems", no such distinction was made between any of the other 20
or so problems set in each unit. Students would certainly be helped by the
provision of more guidance as to how they should approach these problems:
problems could possibly be graded intc easy/difficult, short/long catégories

so that students could select more ;asily.

3. The second television programme was a strong candidate for remake. The
original programme's assumption that students would have covered the basic
concept of limits and epsilon/delta techniques, was misplaced because of

the eitent to which students were working behind schedule and the difficulty
caused by the text itself. A remade programme could discard this assumption
and start from basic principles. Animations, if used in the programme, could
be slowed down considerably, and students given some more fyoice-over"
guidance to the development of the proofs in the programme, Aa, for example,

in TV3 and TVS which students found more helpful.

4. While no radio programme really appears to need resaking, very much
more effort could be put into initially motivating students to listen to

the programmes.
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B. Questiuns raised in relation to (b): presenfation of materials for M332

1. Do students lag behind the officially suggested study schedule and

pace themselves against TMA due dates?

The data suggests strongly that TMA due and cut-off dates are the best
guide av to when the vast majority of students will have looked at, or
perhaps even studied, a particular unit. Students appear to work neither
to the schedule of course calendar start dates, nor to the TV schedule.

There is also an indication that students may
"have a rest" after submitting an assignment: while there was a long gap
between finishing work on Unit 3 (the'final unit covered by the first TMA)
and startingéwork on Unit &, this gap did not persist between Units & and
5, nor beéween Units 5 and 7: it did, however, reoccur between Units 7and 8.
This suggesta that students may well see the assignment submission dates
as peaks: after each ascent they may stop for a breather, if not from OU
work altogether, st least from work on one particular course. It may be
that students taking 2 or more half-credit courses prefer to orgaﬁfée their
work in 2-week "hursts! on each course consecutively, rather than study

several sets of different course material concurrently.

2. What do students think of the SAQ's in the correspondence text?

All but a handful of students claimed to use these SAQ's. Overall,
hé% found them difficult, 37% about right, and 11% easy. Difficulty of the
SAQ's related positively to difficulty of the units (for examplg of the
early units, SAQ's for Unit 3 - the most difficult unit - were found most
difficult, and those for Unit 5 - the easiest unit - least difficult). The
vast majority (85%) of students found the SAQ's useful. The course team's
original description of these SAQ's as "trivial" is somewhat belied by
the finding that almost half the students rated them "dif}icult", and that
%0 many found them useful. Students' comments indicated that the SAQs were
indeed a success - often boosting morale which had been lowered by the

more diffic «1t problems.

3. What is the student reaction to the "silent! snimations used in

the TV programmes?

O+ rall, students appeared not to be violently against the technique
as such, nor were they fervently in favour of it. But a substantial number
of students felt that those animations they had seen in the first five }
television progrummes were too fast. When animated proofs were accompanied
by at ieast some voice commentary, students seemed to be much happier with
thente However, this was a techniqué new to most students, and because
of the extremely negative reaction to the seconQ programme and the possible
"gpill-over" from this to later programmes, it is difficult to distinguish
the extent to which the silent animation technique itself was unsuccessful

from the rather unfortunate way in which it was introduced to students.

4. Do students use the SAQ's in the TV broadcast notes, and if so, how

helpful are they?

Overall, 72% of students watching the programmes used the SAQ's, though

thi= had dropped to 66% for TVS, perhaps because of pressure from the second

TVYA due~date. Shortage of time was the major reason given for not attempting
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“the SAQ's.

Those students who did use the SAQ's generally found them helpful (at
least 80X overall). The few students who gave reasons for not finding them
helpful said that it was too easy to answer questions straight after the

programme.
5. What is the student reaction to watching someone work through a
problem on TV?

Overall, students certainly liked this, primarily as this method. was
most likely to assist them in getting some idea of how to go about tackling
problems, which seemed to be the main general difficulty for students of )
M231l. Thare was also some feeling that this kind of presentation was better
than animation techniques as it more closely resembled a tutorial or
classroom situation, and because proofs and problems were "explained"

rather than just being "presented".

6. Do _the students listen to the radio progtammes, and if they do, do
they find them helpful? Do they find the written waterial easy to

. SN

follow during each broadcast?

It looks as though a very substantial number of students do not listen
to the radio programmes. About 60% listened to the first programse, but by
the end of the year only about two-fifths - at a generous estimate - of the
students were listening. The overvhelming impression, from the interview ~
and questionnaire data, was that radio is regarded as the most expendable
component of the course, consequently the conponel;t to be sacrificed first
when under pressure of work, and the component students are least willing

to make an effort to use. Other evaluation studies have suggested that

maximising the usemade of radio is a problem not just for the Maths Faculty.7

Undoubtedly, the majority of those who listened to M231 radio programmes
found them useful: as many as 90% (for radio 4) and never less than 72%
(for radio 5). ome of this enthusiasm may, of course, be peculiar to this
highly selected group of students, who are likely to be considerably more
. highly motivated than the nver-age.8 However, the use of radio on M231, being
problem-oriented, was found to be a highly suitable one in view of the

already mentioned difficulty students are having with the problems.

All but a very few students who listened used the broadcast notes during
the radio programmes. For all programmes 25-30% of mtudents said they had
some difficulty in following the notes. There wap also & positive relationship

between usefulness of programmes and ease of following the notes during them.

7 Gallagher, M (1975) Broadcast Evaluation Report no. 8: E221 "Caught in the Net".

8 See Gallagher, M (1975) Broadcast Evaluation Report no. &4: 524 "Industrial
Chemistry Component" for further discussion of this point.

Q
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7. Dc students attempt the non-assessed problems in the TMA!'s?

i Only about half the students attempted these questions for the four
assignments. This is poor in comparison with the similar assignment
questions on MLOO, M201 and MST 28l. This may be partly attributable to
the fact that cach TMA contained one question covering one of the four
most difficult units in M231. The amount of time that students spent on
these units, their difficulty and the fact that the majority were working
well behind schedule, may have induced students to avoid the non-assessed

questions, which were also in the most difficult in each TMA.

Possible Action Concerning Presentation of M332

1. Evidence that students pace themselves against TMA due and cut-off dates
raises the question of television scheduling: if the programmes are scheduled
exclusively on the assumption that students "lag behind",a substantial number
of students will have read the relevant unit weeks before. This was, in
fact, the case in M231. Particularly after the 4 week gap between programmes
3 and 4, many students were well ahead of the material covered on TV (For
example, 25% of students had started work on Unit 5 by 2nd April - 20 days
before the first transmission of the relevant TV programme 4). Indeed, this
was one of the most common reasons given by students for not finding the

television programmes useful.

One possible solution might be to move the first transmissi;n forward
(where necessary) to the week after the scheduled start date for the relevant
unit (in some cases the first transmission of M231 programmes was two,
three or even four weeks after the scheduled start date).. Data from the study
suggests that the top 25% of students were no more than one week behind
schedule. If the repeat transmission is kept {as it generally was for
M231) back to three weeks after the scheduled start date, then 70375* of
students should have started work on the relevant unit: thus the majoriiy
of students would achieve maximum benefit from the broadcasts. A percentage
of the remaining students who had not started work on the related
unit at the time of the broadcast might, if they watched, find the programme

useful as a 'pacer'.

However, "'staggering" repeats in this way presents enormous problems
for the University as a whole, when one takes account of the fact that
any one half-credit course shares its particular transmission slots with

several other half-credit courses {since programmes for any one course are

transmitted only every three or four weeks), and that agreement would have
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to be reached with all of these course teams, if a ngtaggered" transmission

pattern was to be adopted. Moreover, if the availability of broadcast time continues
at its present level, and if courses are produced in their currently

predicted numbers, most courses will eventually lose their repeat transmissions

and will be left with the very much greater problem of how to maximise

the benefit to students of broadcasting programmes once only.

A somevhat simpler, and perhaps more obvious way of approaching the
problem indicated by the M231 study would be to move assignment due and N
cut-off dates closer to the recommended reading dates for relevant printed
material. Of course, a fundamental and related question is simply the
amount of work expected of students in order to complete both the course
as a whole and particular units within the courses. If the course, or parts
of it, are over-loaded, students will have difficulty in even keeping pace
with the assignment dates and will be forced to omit certain course components

from their studies.

A further problem raised by the relationship of assignment dates to
broadcasts centres on the issue of the range of functions which can be
assigned to programmes transmitted at particular times - or at specific points
in the "assignment cyclet. If, for example, a programme is made dependent
on a certain amount of pre-reading, its transmission date should be playned
with the knowledge that not only will students need a certain minimum.amount
of time for preparation, but, depending on the time- relationship between
programme transmission and assignment due/cut-off date, that students
at particular points of the study year will be more or less able and/or
willing to prepare themselves adequately. Consideration of factors such
as these should, during the early stages of course planning, influence
decisions as to what sorts of programme will be most upprbprilte at certain

times of the year.

2. It seems that, on balance, the silent animation technique need not
be rejected. There is nothing to suggest that students in general were
particularly "for" or Yagainst! this technique, although some students
definitely did dislike it. On the other hand, some students were
enthusiastically in favour of the method. Also, it is possible that the
technique, if used moderately, may increase concentration, and certainly

students did not appear to have difficulty in recalling proofs demonstrated

. in this way. Howeve}, in view of the novelty of the technique and the
fact that students were "immersed" in it very early on in only the second
programme in the M231 course (a further complication being that this
programme dealt with the epsilon delta techniques which students found
particulurly-difficult), it is extreaely difficult to distinguish between
inherent disadvantages of the technique itself, and problems caused by the
way in which it was introduced and applied.
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It would seem altogetber more rezsonatle, both to the students, and
to the reception 6f the technique, to introduce new techniques such as that
of sitent animation much more gradually, building up from simple short
animations with some vocal guidance to longer, more complex ones later

in the course.

3. In view of the large numbers of students who appear not to listen to
any radio programmes, and who may not have done so since early in their .
Foundation year, very much more effort could be put into "pushing" the
radio component at the beginning of the course. If the radio programmes
are recognised by. students as being closely related to the content and
central problems of the unit material, they will be much more likely to
tisten to at least the first programme on perhaps a trial? basis. The
extent to which they find the programmes helpful in getting to grips with

. this content and in solving these problems will determine to some degree

their Listening behaviour for the course.

h, in view of the difficulty, which some students expressed, in concentrating

on radio programmes, the use of notes such as those provided in M231 seems

a useful way of not only holding students! attention while taey listen, but

of giving a visual anchor to ihe programme content after the broadcast.

The SAQ!s in the notes, which students found' helpful, are an extra source

of content reinforcement. lHowever, the format of the M231 notes might be ,x,mingd
for possible areas of improvement since a large minority of students did

have trouble in following them during the programmes.

Se The extent to which non-assessed problems in TMA'!'s are attempted will

depend on a number of factors such as Fhe overall work-load and difficulty

of the course, difficulty of assessed TMA questions and the amount of time

involved in answering these. However, the difficulty of these non-assessed
problems is in itself almost certainly an inhibiting factor: if they looked

easior, more students would probably attempt them. Again, perhaps a grading system
would help, so that even the less able or motivated student could attempt

at least part of the question. .
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